We consider two types of magnetic Josephson junctions (JJ). They are formed by two singlet superconductors S and magnetic layers between them so that the JJ is a heterostructure of the S m /n/S m type, where S m includes two magnetic layers with non-collinear magnetization vectors. One layer is represented by a weak ferromagnet and another one-the spin filter-is either conducting strong ferromagnet (nematic or N-type JJ) or magnetic tunnel barrier with spin-dependent transparency (magnetic or M-type JJ). Due to spin filtering only fully polarized triplet component penetrates the normal n wire and provides the Josephson coupling between the superconductors S. Although both filters let to pass triplet Cooper pairs with total spin S parallel to the filter axes, the behavior of nematic and magnetic JJs is completely different. Whereas in the nematic case the charge and spin currents, I Q and I sp , do not depend on mutual orientation of the filter axes, both currents vanish in magnetic JJ in case of antiparallel filter axes, and change sign under reversing the filter direction. The obtained expressions for I Q and I sp show clearly a duality between the superconducting phase ϕ and the angle α between the exchange fields in the weak magnetic layers. PACS numbers: 74.78.Fk, 85.25.Cp, 74.45.+c Triplet Cooper pairing is known to exist in superfluid 3 He [1, 2]. As concerns superconductors, the situation is less clear. Although some indication for the triplet superconductors has been found in a number of completely different classes of materials [3] [4] [5] , a general consensus about the existence of the triplet superconductivity in the organic metals, heavy fermions and other interesting materials investigated from this point of view has not been achieved [6, 7] . In principle, the fact that the spins of the fermions of the Cooper pairs are equal to each other does not contradict the Pauli principle because the condensate wave function f (p) and the order parameter ∆ tr (p) in these triplet superconductors are odd functions of the momentum p. In contrast to the conventional BCS superconductivity, the triplet superconductivity with such a symmetry of the order parameter is sensitive to impurity scattering [8] and, therefore, it is usually strongly suppressed by disorder.
However, the triplet Cooper pairs can appear already in conventional singlet superconductors provided an external magnetic (H) or an internal exchange (h) field acts on the spins of electrons. [8] [9] [10] [11] A triplet component inevitably arises also in magnetic superconductors [12] .
The triplet condensate function arising from the singlet superconductivity in the presence of the magnetic or exchange field acting on spins is odd in frequency and therefore may still have an s-wave space symmetry without violating the Pauli principle. It has a component with the 0-spin projection f tr,0 ∝ 〈ĉ ↑ĉ↓ (t ) +ĉ ↓ĉ↑ (t )〉 on the direction of the field h or H but also the components with spin projection ±1. The zero projection component f tr,0 of the condensate function is as sensitive to the exchange or magnetic field as the singlet condensate function f s ∝ 〈ĉ ↑ĉ↓ (t ) −ĉ ↓ĉ↑ (t )〉. It is this type of the triplet pairing that arises in the case of uniform magnetic H or exchange h field, and has been considered in many works (see, e.g., [8] [9] [10] 12] ). When the zero projection triplet condensate is created at a superconductor-ferromagnet (SF) interface, it penetrates the latter over a rather short scale ξ h ∝ 1/ h (diffusive case), see reviews Refs. 13-15. In contrast to the zero projection condensate, the odd frequency triplet pairing with ±1 components that are proportional to f tr,+1 ∝ 〈c ↑ c ↑ (t )〉 or f tr,−1 ∝ 〈c ↓ c ↓ (t )〉 is rather insensitive to the exchange field and can penetrate a ferromagnet over long distances like the conventional singlet condensate penetrates the normal metal. As has been shown theoretically in Ref. [16] this triplet component arises in the case of a nonuniform h and penetrates the ferromagnet F over a rather long distance. [A little later, a similar idea about the LRTC was considered qualitatively in Ref. [17] . Contrary to the diffusive case analyzed in Ref. [16] (the mean free path l is shorter than ξ h ) the authors of Ref. [17] assumed that the length of the magnetic inhomogeneity is shorter than l. They attempted to estimate the amplitude of the LRTC. A microscopic theory of the LRTC for this quasiballistic case has been presented in Ref. [18] .] Since the discovery of the long range triplet odd frequency components f tr,±1 , the idea of the penetration of superconductivity through strong ferromagnets has been discussed in numerous publications (see Refs. 19-24, the reviews Refs. 13-15 as well as the recent works Refs. 25-29 and references therein). The theoretical research has been followed by experimental confirmation of the existence of the long range triplet superconductivity [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] .
Note that the triplet component that arises in magnetic superconductors with a spiral h(r) [12, 40] has zero projection of the total spin of triplet Cooper pairs S on h(r). Only near the surface of the sample, the triplet component with a nonzero projection of S on h(r) appears; it decays exponentially away from the surface [41] .
Due to an ability of changing the exchange field direction FIG. 1. Schematic representation of the system under consideration and classification of the triplet component relative to the orientation of the filters in corresponding JJs, i.e., case (a) for "ferromagnetic" (M) type, and case (b) for "nematic" (N) type as follows from the expressions for the Josephson charge and spin currents, Eqs. 7-10 (see text).
of the ferromagnets one can filter the spin polarization of the triplet Cooper pairs [32, 34] and one may even speak of "Superconducting spintronics" [42] . The possibility of real applications is enforced by the fact that the wave function of odd triplet superconductivity has the s-wave symmetry and, therefore, this triplet superconductivity is not sensitive to non-magnetic disorder. In this situation, it is very important to understand what kind of magnetic filters can be built in order to filter the spin polarization of the currents.
In this Paper, we demonstrate that two types of filtering are possible: ferromagnetic and nematic. A ferromagnetic filter enables one to achieve the full spin polarization, such that the current has only one allowed direction of spin. In contrast, the nematic filter allows to pass the current with spin polarizations both parallel and antiparallel to a certain axis.
Naively, the reason why the triplet pairs in the presence of the exchange field are not destroyed by the Zeeman interaction, is the fact that the total spin of the pair is oriented along the field and is not affected by the latter. In principle, this is really the case for a very strong exchange field h when the exchange energy µ B h is comparable to the Fermi energy ε F . However, in moderate exchange fields h, such that µ B h is considerably smaller than ε F , the superconducting pairing is weakly sensitive to the exchange field not only when the total spin of the Cooper pair is parallel but also when it is antiparallel to the latter [13, 16] . It is natural to classify the corresponding filterings as ferromagnetic (M) and nematic (N).
We investigate the difference between the two types of the filtering considering M-and N-Josephson junctions (JJ). We show that, although many effects are similar in these junctions, drastically different phenomena are also possible. For example, fully polarized triplet Cooper pairs appear in the normal metal (n) inside the M-type of JJs (ferromagnetic order), while there are triplet pairs with spin up and spin down in the normal metal in the N-type of JJs (nematic order).
We consider two types of symmetric "magnetic" Joseph- 
, where h F is an exchange field in F w and d F,S are the thicknesses of the F w and S films, respectively [43] . The n wire is separated from S m by a tunnel spin-active barrier Fl (filter) with a spin-dependent transparency. Such kinds of magnetic insulators have been already used in experiments, e.g., on ultrathin EuO films [44] . Penetration of Cooper pairs through Fl is taken into account via boundary conditions. We consider the case when the filter Fl passes electrons with only one spin direction collinear with the z axis defined by the vector product of the exchange field vectors in the S m superconductors, i.e., z ∝ h R × h L ; in other words, the filter axis is perpendicular to h R,L . This means that some triplet Cooper pairs that arise in S m have a nonzero projection of the total spin S onto the z axis and, therefore, can penetrate through the filters. The N-type JJ is similar to the M-type, but the spin-active barriers are replaced by strong diffusive ferromagnetic layers with magnetization M s , so that only triplet component with spins collinear with the z axis can penetrate the n wire.
We employ the well developed method of quasiclassical Green's functions that can be used in problems where quantum effects on the scale of Fermi wave length are unimportant [45] [46] [47] [48] . In the considered case, when not only singlet, but also short-and long-range triplet components exist in the system, quasiclassical Green's functionsĝ are matrices in the particle-hole and spin spaces with basis represented by tensor productsX ik =τ i ·σ k , where the Pauli matricesτ i andσ k (i , k = 1, 2, 3) and the unit matricesτ 0 andσ 0 operate in the particle-hole and spin space, respectively (see also Ref. [13] ).
We study the case of diffusive conductors that corresponds to most experimental structures. This implies that the mean free path l is much shorter than the coherence length ξ T = D/πT with the diffusion coefficient D = v F l/3, the Fermi velocity v F and the temperature T . In the considered equilibrium case, it is sufficient to find the Green's functions in the Matsubara representationĝ (ω). In the n or F wire along the x-direction, these matrix functions obey the generalized Usadel equation [13, 15, 49] 
and the normalization conditionĝ ·ĝ = 1, where
|H|/D, and ω = (2n + 1)πT is the Matsubara frequency. The coefficient κ H is not zero only in the strong ferromagnet F s with an exchange field H (the N-type JJ). In case of the M-type JJ, the third term in Eq. (1) should be dropped. [Note that the representation of the matrix Green's functionsĝ differs somewhat from thosê g BVE used in Refs. [13, 16] . We employed the transformation suggested by Ivanov and Fominov [50] 
The boundary conditions can be written as (see Refs. [51, 52] and Eq. (4.7) in Ref. [53] )
where κ b = (σR b ) −1 with the conductivity of the n wire σ and the n-Fl or n-F s interface resistance at ±L per unit area R b assumed to be equal for left and right banks. The matrix transmission coefficientΓ ν (with ν = ±L or R/L) describes the electron transmission with a spin-dependent probability T ↑,↓ . If the filters let to pass only electrons with spins aligned parallel to the z axis, thenΓ ν = T ν + U νX33 so that the probability for an electron with spin up (down) to pass into the n wire is T ↑,↓ = T ν + ζ ν U ν with ζ ν = +1 if the filter passes only spin-up electrons, whereas ζ ν = −1 means that the filter passes spin-down electrons only. We assume that the coefficients T and U are normalized, i.e., T 2 + U 2 = 1. Therefore, the condition T ν = ζ ν U ν means that electrons with only one spin orientation are allowed to pass through the filter. The form of the matrixΓ with arbitrary axis of spin selection can be found by using the rotation transformationΓ β =R β ·Γ ·R † β with the rotation matrixR β,j = cos(β/2) + i sin(β/2)X 0 j , where the subindex j denotes the axis of rotation and β is the angle of rotation. In the N-type JJ the matrixΓ ν does not depend on spins, such thatΓ ν = 1. Quasiclassical Green's function matricesĜ ν in superconductors S ν in presence of an exchange field h ν oriented along the z axis [h ν = (0, 0, h ν )] have the form (dropping ν for brevity)Ĝ
They contain the normal part (the first two terms) and the anomalous (Gor'kov's) part,
where
The functions g ± are obtained from f ± using the orthogonality condition.
The first term in the expression forF , Eq. (4), represents the singlet component and the second term describes the triplet component with zero projection of the total spin of a Cooper pair on the direction of the exchange field h. The triplet component f − turns to zero at h = 0 and, as follows from the Pauli principle, is an odd function of ω.
Presence of superconducting phase χ is introduced via a gauge transformationF χ =Ŝ χ ·F ·Ŝ † χ , with the unitary matrixŜ χ = cos(χ/2) + iX 30 sin(χ/2). Moreover, with the help of the rotation matrixR β,j one can find the matrixF β for an arbitrary orientation of the exchange field h = {h i }.
In the following, we concentrate on the case when the exchange field h is perpendicular to the magnetization M s in the strong ferromagnet, i.e., h ⊥ M s . In the general case, the obtained results depend on the cosine of the angle between these vectors. Thus, the Green's function in the ν-th superconductor with the phase χ ν = ±ϕ/2 and with the exchange field lying in the (x, y) plane and setting up the angle α with the x axis readsĜ ν =R α,3R−π/2,2ŜϕĜ0Ŝ 3 . Using the developed formalism we write the Josephson I Q and spin I sp currents through the interface ν = ±L in the form
where µ B is the effective Bohr magneton and e-the elementary charge. In order to calculate the Josephson current, one should determine the condensate functionf in the normal wires, which is a part of the full functionĝ =ĝ n +f , whereĝ n is the normal Green's function diagonal in the particle-hole space. This can easily be done for the case of small S m /Fl (respectively S m /F s ) interface transparencies, i.e., when the interface resistance is much larger than the resistance of the n film of the length ξ T = D/πT , which corresponds to the inequality R b σ/ξ T ≫ 1.
The rather technical but straight forward solution of the Usadel equation with boundary conditions in linearized form (see Supplemental Material) yields, with account for the formulas for the Josephson I Q and the spin I sp currents, Eqs. (5) and (6), following expressions. a) For the M-type JJ we find
The coefficient ζ ≡ (ζ R + ζ L )/2 equals zero if the right and left filters select Cooper pairs with opposite spin orientations and equals ±1 if both the filters let to pass Cooper pairs with the same spin directions parallel or antiparallel to the z axis.
b) For the N-type JJ we obtain the expressions
that do not contain ζ. Equations (9) and (10) show that in this case the filters let the spin of the passing current be both-parallel and antiparallel to the direction of h with equal probability.
In equations (7)-(10) the critical current I c equals
with f − (ω) and f (ω) defined in Eq. (4), and I 0 is the critical current in a usual S/n/S Josephson junction. Equations (7)- (10) represent the main results of this Paper. Note that at α = 0, the Josephson current in both cases has opposite sign as compared to I Q in a usual S/n/S JJ, because the amplitude of the triplet component f − (ω) = i ℑ f (ω + i h) is a purely imaginary quantity and, therefore, I Q ∼ I 0 ω f 2 − is negative. Furthermore, there is an essential difference between the M-and N-types of the junctions.
Provided the filters (magnetic insulators) let to pass electrons with antiparallel directions of spins (ζ = 0) both currents vanish in the M-type JJ. On the contrary, in the N-type JJ, the currents do not depend at all on the direction of the exchange field H in strong ferromagnets, i.e., provided the vectors H are parallel to the z axis, the LRTC Cooper pairs with both spin orientations-parallel and antiparallel to the z axis-propagate through the n wire (nematic filtering). If α = 0, the Josephson current I Q does not depend on the direction of filter axes (ζ > 0 or ζ < 0), whereas in the M-type JJ, the spin current changes sign. Physically, this means that Cooper pairs with the total spin either up or down move in the JJ at positive or negative ζ and this kind of spin-active interface can be used as a complete filter for triplet Cooper pairs. In the N-type JJ, the spin current vanishes at α = 0 meaning that, regardless of the direction of H, Cooper pairs with spin up and spin down move in the n wire with equal probability and therefore a layer of strong ferromagnet cannot serve as a filter for only one spin direction of triplet Cooper pairs and we classify this process as incomplete filtering. The discussed difference is summarized in the lower parts of corresponding Figs. 1 (a) and (b) and supporting technical details are provided in the Supplemental Material.
One can say that a current carrying M-type JJ is analogous to the A-phase of superfluid 3 He (triplet pairs with a nonzero magnetic moment), whereas a current carrying N-type JJ resembles the B-phase of 3 He (triplet pairs with zero moment) [1, 2, 7] . Equations (7)- (10) manifest a duality between the phase of the superconducting OP ϕ and the angle α between the magnetization vectors in S m -the expression for the current I Q is converted into the expression for the spin current I sp upon replacement ϕ ↔ α and e ↔ µ B . This duality allows for prediction of Josephson-like effects in purely magnetic systems [54] [55] [56] [57] [58] [59] . Presence of a non-zero Josephson current in the M-type JJs at α = 0 and in absence of a phase difference (spontaneous current) means that we deal with the so-called ϕ-contact. These types of JJs may have different mechanisms and have been discussed in several papers [60] [61] [62] .
The different dependence of the charge and spin currents, I Q,sp , on the phase difference ϕ and the angle α can be verified experimentally. As follows from Eqs. (7)- (10), a spontaneous current may arise at zero phase difference if the angle α is not zero. This current can be measured as it was done in the experiment by Bauer et al. [63] on an S/F/S junction. In this experiment, superconductors S were connected by a superconducting loop. If the S/F/S junction was in the π-state (or in the φ-state with φ = 0), a circulating current arose in the loop. By measuring the circulating current one can establish the dependence of the currents I Q,sp on ϕ and α. The phase difference ϕ can be varied by an external magnetic field H ext : ϕ/2π = Φ ext /Φ + n, where Φ ext = |H ext |W is the magnetic flux in the loop, Wthe square of the loop and n-an integer. Note that the direct measuring of the spin current is a more difficult task because this current is not conserved-it decays to zero in the singlet superconductors.
Note that the formula for Josephson current I Q , Eq. (7), looks similar to the second term in the corresponding equation [Eq. (8) ] in the paper by Grein et al. [64] , where the propagation of the LRTC in a strong ferromagnet with a large Zeeman splitting of energy levels has been considered (see also Ref. 65 ).
In conclusion, we have considered the dc Josephson effect in two different S m /n/S m Josephson junctions with a coupling due to penetration of triplet Cooper pairs generated by two "magnetic" superconductors S m from one superconductor to the other. Calculating Josephson and spin currents we have found that the results are in disaccord with the "paradigm" of using a metallic ferromagnetic layer as the filter for selecting one particular direction of spin projection of triplet Cooper pairs. Actually, there is an essential difference in using this kind of filter as compared to a spin-active interface filter, e.g., a magnetic insulator with a strongly spin dependent transparency. In the former case, one obtains the triplet Cooper pairs with the both directions of the total spin, which enables one selecting a certain orientation of the total spin ("easy axis") but not the direction-a nematic phase, whereas in the latter case, one can really select a preferred direction of the total spin (magnetic moment of the Cooper pair), thus realizing a ferromagnetic phase of the junction. Experimentally, these situations can be distinguished by performing measurements of Josephson current.
In the nematic case, the Josephson current does not depend on mutual orientations of magnetic moments in the strong ferromagnets, while in the ferromagnetic case, it turns to zero if orientations of the exchange fields in magnetic insulating filters are antiparallel to each other. The considered effects in nematic-type of Josephson contacts can be observed on setups used in the current experiments like those presented in Refs. [32, 34, 35] [66] may serve for this purpose. Spin polarization in some these materials can reach 90-100%.
Moreover, accompanying spin currents can also be controlled using the discovered duality between the latter and the Josephson currents, thus leading to an intelligent implementation of related effects in promising spintronic devices based on superconductors [42, 67] . from the DFG via the Projekt EF 11/8-2; K. B. E. gratefully acknowledges the financial support of the Ministry of Education and Science of the Russian Federation in the framework of Increase Competitiveness Program of NUST "MISiS" (Nr. K2-2014-015).
SUPPLEMENTAL MATERIAL

Solution of the Usadel equation.
In order to calculate the Josephson current, one should determine the condensate functionf in the normal wires, which is a part of the full functionĝ =ĝ n +f , whereĝ n is the normal Green's function diagonal in the particle-hole space. This can easily be done for the case of small S m /Fl (respectively S m /F s ) interface transparencies, i.e., when the interface resistance is much larger than the resistance of the n film of the length ξ T = D/πT , which corresponds to the inequality R b σ/ξ T ≫ 1.
Considering this limit, we linearize Eqs. (1) and (2) with respect to small condensate functionf taking into account that, in the zeroth approximation,ĝ 0 = sgn(ω)X 30 . The linearized Usadel equation and the boundary conditions acquire the form
whereF χ (±L) =Ŝ χ (±L) · [X 12 cos(α/2) ±X 11 sin(α/2)] and α is the angle between the vectors of the exchange fields h R and h L (see Fig. 1 of the main text). Equation (11) can be solved easily in a general case but for brevity we present here a solution in the n wire for the case L ≫ ξ T when this solution is a sum of two exponentially decaying functions [68] 
with amplitudesf L,R having different shapes depending on the JJ type. Considering the M-type JJ, we are interested only in the case T ν = ±U ν when the singlet component does not penetrate through the filters. Indeed, calculating the productΓ ν ·F ν,χ ·Γ ν =Ŝ χ ·Γ ν ·F ν,χ ·Γ ν ·Ŝ † χ we find for the singlet componentΓ ν ·X 10 f + ·Γ ν ∝ (T (14) where we defined the matricesX ||R/L =X 11 − ζ R/LX22 andX ⊥R/L =X 12 − ζ R/LX21 . As is easily seen, the matricesX || andX ⊥ correspond, for ζ R/L = +1, to propagators of the form 〈ĉ ↑ĉ↑ (t )〉 and 〈ĉ ↓ĉ↓ (t )〉, respectively, i.e., they describe the triplet pairs with spin up and spin down, and vice versa for ζ R/L = −1.
In the case of the N-type JJ, we solve Eq. (11) in the F s film using the boundary conditions Eq. (12) withΓ = 1 matching the solution given by Eq. (13) in the n wire. Note that there is no difference between the n and the F wire for the LRTC component because it contains the matricesX 12,21 orX 11,22 which commute with the matrixX 33 in Eq. (11) turning the third term to zero. The singlet (X 10 ) and short range triplet (X 13 ) components decay fast in the F s film over the length ξ H = κ 
and it is easily seen that, in contrast to previous case, in this junction we obtain a mixture of triplet Cooper pairs with both orientations of the total spin, sincê X 11,12 ∝ 〈ĉ ↑ĉ↑ (t )〉 + 〈ĉ ↓ĉ↓ (t )〉.
